Stream biomonitoring is increasingly used to identify and monitor changes in water quality, stream habitat, and even the surrounding watershed. An effective biomonitoring protocol must comprise attributes able to discriminate human-caused changes from natural variation. We attempted to identify such attributes for streams of American Samoa, which, in turn, might also have widespread applicability to other oceanic islands. Owing to the diadromous nature of the macrofauna, we assessed species richness, diversity, composition, dominance, and biomass of freshwater fishes, crustaceans, and mollusks in 50 m sections in midreaches of five streams with and five streams without anthropogenic influences at the estuarine reach. We electrofished for fishes and crustaceans, and we picked mollusks from stream substrates. We discovered that two species of neritid snails of the pan-Pacific genus Clithon were significantly more abundant in the midreach of streams undisturbed by human impacts at the estuarine reach, making them potentially useful bioindicators throughout the South Pacific.
Biological monitoring of the nation's rivers and streams during the past few decades has proved useful for assessing their health and integrity, as mandated by the Clean Water Act of 1987 (U.S. Government Printing Office 1988), and for identifying ecological risks that are important to human health and well-being (Karr and Chu 1999) .
Biomonitoring requires the selection of an organism or a suite of organisms whose response to changes in the environment will be monitored (Reece and Richardson 2000) . Biomonitoring techniques include the use of indicator species, indices of biological integrity, rapid bioassessment, and predictive models (Reece and Richardson 2000) . The Hawaiian Stream Bioassessment Protocol (Kido et al. 1999) , for example, is an index of biological integrity that relies on an assessment of five native fishes, two crustaceans, and two snails as indicators of human-induced degradation. These fauna are almost exclusively endemic to the Hawaiian Islands, and their ecological attributes and relative sensitivity to water quality and habitat degradation are fairly well known (Kido et al. 1999, Yamamoto and Tagawa 2000) .
Lacking information about the expected responses of American Samoa's native freshwater fishes, shrimps, and neritid snails to habitat degradation and pollutants from residential and agricultural effluent, we attempted to identify reliable and meaningful variables in community structure that could discriminate between human-caused changes and the background ''noise'' of natural variation. Assessments of species richness, species composition, and the relative abundances of sensitive and tolerant species or groups of species are the most direct measures for discerning patterns associated with human actions (Karr 1993) . Because community structure is subject to many independent physical and biological factors, it would be difficult to distinguish the influence of human-caused factors at estuarine reaches, where most villages are located and where only a short course receives anthropogenic inputs before entering the sea. Some estuarine reaches are wide, low-lying estuaries with bare sandy bottoms where marine and euryhaline species venture. Others, with steeper gradients, flow onto coral rubble beaches as shallow, swift-flowing rivulets overlying algae-covered gravel. Therefore, we took advantage of the diadromous nature of Tutuila Island's stream macrofauna to evaluate human-caused impacts that occur at the estuarine reach by examining macrofauna community structure at the midreach.
Most of the streams on Tutuila Island have steep, short courses of 3 km or less (Burger and Maciolek 1981) . Most, if not all, of the macrofauna in American Samoan streams are diadromous (Couret et al. 1981) , making two passes between stream and ocean during their early life stages. We hypothesized that any deleterious impact that occurred at the estuarine reach would be reflected in the community structure upstream of villages owing to the degree of success of returning larvae or juveniles to pass through the estuarine reach.
We set out to identify streams on Tutuila Island that shared similar geophysical features in their midreaches but differed only in whether a village was located at the estuarine reach. Of 141 perennial streams on Tutuila Island (Burger and Maciolek 1981) , we identified only five continuous, third-order streams without villages that could be matched against five similar streams with villages. Villages did exist as recently as half a century ago along three of the first set of streams. When the villages were abandoned, the streams were allowed to revert to their natural condition. The other two streams in this set have one or two environmentally con-scientious households living at the mouth. We labeled the first set of streams ''intact'' and the set with extant villages ''disturbed'' (Figure 1) Although several other streams on Tutuila Island are either pristine or minimally disturbed, they were rejected for having dissimilar habitats at their midreach sections or having waterfalls at estuarine reaches.
Between 26 April and 1 November 2005, using a combination of electrofishing (fishes and shrimps) and hand-collecting (snails), we assessed species richness, diversity, composition, dominance, and biomass in 50 m sections of the estuarine reach and midreach of each of the 10 streams. We compared means of intact and disturbed streams using t-tests or, when the test for normality failed, we compared medians using the Mann-Whitney Rank Sum Test.
The 10 streams in our study were among 36 perennial streams surveyed for their macrofauna in 1978 macrofauna in , 1979 macrofauna in , and 1980 macrofauna in (Couret et al. 1981 . We compared our data with those of the earlier inventories when appropriate.
Study Area
Tutuila is the largest and most populous of five high volcanic islands and two atolls constituting American Samoa. It is a narrow, rain forest-covered mountain range that extends 32 km east to west with an area of 137 km 2 . Its highest point is 653 m, and the most remote point from the coast is only 3.4 km (University of Hawai'i at Mānoa Cartographic Laboratory 1981). Up to 5,000 mm of rain falls annually, mainly between October and May. Drainage is provided by 163 principal stream valleys (Burger and Maciolek 1981) . The average air and stream water temperature of 26 C varies little throughout the year.
In addition to the 141 perennial streams on Tutuila Island, American Samoa has only one other perennial stream, Laufuti, found in the National Park on Tau Island. Its macrofauna were recently surveyed by Cook (2004) .
Stream waters generally run clear, except during freshets, as they flow from their origins on volcanic ridges through steep, narrow canyons until they reach the sea. Physical and chemical characteristics (Table 1) vary little year-round except during seasonal floods or infrequent droughts. Their ecosystems are highly resilient, with midreach macrofauna densities at near-normal levels just days after extensive and intensive storms. All but three of the ten streams in our study are located on the western side of the island and drain the same mountain ridge (Figure 1 ).
Sampling for estuarine reach sections began where conductivity measurement was unaffected by intrusion of seawater, because the conductivity of the water must be less than the conductivity of the fishes or shrimps for electrofishing (Reynolds 1996) . Midreach sections were above residences and subsistence agriculture if the latter breached a natural riparian buffer of native vegetation several meters wide. They included at least one pool, riffle, run, and cascade flow regime, as defined by Couret et al. (1981) . Finally, no natural or artificial barrier that could bar any faunal group lay between the midreach and the estuarine reach. Failure to meet these criteria excluded other intact streams from our study.
materials and methods

Physical and Chemical Parameters
We used a Global Positioning System unit (Trimble GeoExplorer 3) for determining latitude and longitude at stream mouths, a clinometer (Suunto PM-5) to determine gradient (G0.5 degree), an altimeter watch (Suunto X-Lander) for measuring elevation (5 m intervals), and a flow probe (FP101 Global Flow Probe) for measuring stream velocity (G0.5 m sec À1 ) at a depth 60% of the distance from the water's surface to the Note: Length, elevation at headwaters, and drainage area data from Burger and Maciolek (1981) . stream bottom to compute discharge by applying Simpson's rule to equidistant depth and velocity measurements at a convenient cross section. We used the Hawaii Stream Visual Assessment Protocol (U.S. Department of Agriculture, Natural Resources Conservation Service 2001) to evaluate habitat quality. A water quality checker (Horiba U-10) measured pH, conductivity, and temperature. We sampled during periods of base flow, when streams ran clear, to better see the animals and to remove variation due to short-lived freshets.
Diversity and Dominance Indices
A Brillouin index, base 2, rather than a Shannon-Wiener index was used to compare species diversity and dominance, because it is the appropriate measure of diversity for our collections (Krebs 1989 , Brower et al. 1998 ).
We computed a Shannon-Wiener index, base 2, on the combined data of both the estuarine and midreach sections, however, for comparison with Shannon-Wiener indices given by Couret et al. (1981) for fishes and shrimps in five of our 10 streams. Comparisons of neritid diversity and dominance were also made using the Brillouin index, because snail counts amounted to nearly a complete enumeration rather than a random sample.
Electrofishing
We placed 6.4 mm mesh blocking nets at both ends of a 50 m section of stream. Walking upstream in a sweeping pattern, an operator wearing a backpack Electrofisher (Smith-Root LR-24) applied 325 V pulsed (30 Hz, 12% duty cycle) DC current into the water. Netters on either side caught stunned fishes and shrimps using 40 by 40 cm 5 mm mesh dip nets. After several seconds, shocking was discontinued to transfer catches to a collection bucket. This shock-and-transfer routine continued until we reached the upstream blocking net.
We identified kuhliids and measured their standard length (SL) to the nearest 0.5 cm on a measuring board. Palaemonid shrimps and gobies were identified and counted but not measured. Atyoida and Atyopsis spp. were usually large enough to be identified in the field, but smaller specimens of these species and all Caridina spp. were taken to the laboratory for identification under a stereomicroscope using a key prepared by Devaney (1981) .
Anguillid eels were anesthetized in 1 mM MS-222, or ethyl m-aminobenzoate, before handling. We identified them by measuring the distance between the gill opening and the origin of the dorsal fin (GD) and between the origin of the dorsal fin and the anus (DA) to calculate the ratio GD/DA. We also noted their color pattern and the arrangement of their maxillary teeth.
We could not apply the two-sample Moran-Zippin Method for estimating population sizes of fishes and palaemonid shrimps because the number of individuals collected during the second pass often exceeded the number collected during the first pass. Instead, we simply summed numbers in both passes.
Fresh Weight: Kuhlia and Anguilla
In the first three streams surveyed we recorded SL of each kuhliid and anguliid. We weighed each fish to a precision of G0.3% using spring scales (Pesola). We then fitted the data to power equations for kuhliids, weight ¼ ð3.52 Ã 10 À5 Þ Ã SL 2:92 (r 2 ¼ 0.97, n ¼ 86), and for anguliids, weight ¼ 0.0017 Ã SL 3:02 (r 2 ¼ 0.98, n ¼ 7).
Dry Weight: Snails
Neritid snails were collected by lightly stroking the entire surface of cobbles and boulders within the 50 m sections. We identified them while measuring their shell lengths, G0.01 mm, with a digital caliper (Starrett No. 721).
To convert shell length to dry weight, specimens of various sizes of Clithon pritchardi and Septaria suffreni collected earlier from other streams were killed in boiling water and removed from their shell. The external operculum of C. pritchardi detached easily, but the internal operculum of S. suffreni had to be excised before the animals were dried at 105 C until constant weight, G1 mg, on an electronic balance (Mettler PM400). Regression equations relating shell length to dry biomass served to convert subsequent shell length measurements to biomass. The quadratic equation weight ¼ 0.28 À ð0.03 Ã lengthÞ þ ð0.0012 Ã length 2 Þ gave excellent fit (r 2 ¼ 0.97, n ¼ 90) for C. pritchardi, and the exponential equation weight ¼ 0.0185 Ã 10 ð0:0388ÃlengthÞ gave the best fit (r 2 ¼ 0.78, n ¼ 90) for S. suffreni. Because the less-common Neritina spp. are anatomically similar to Clithon spp., the latter's equation was applied to both genera. Likewise, Septaria sanguasuga and S. suffreni are anatomically similar limpetlike snails, so the equation of the latter was also applied to the former.
results
We collected eight species of shrimps, nine species of fishes (all but one of which were indigenous), and six species of snails (Table  2) . Our electrofishing data were nonrandom samples that did not exhibit abundances that accurately reflected those of the sampled communities. This was a consequence of differences in species habitat preferences, behavior, and conspicuousness.
We generally found kuhliids and palaemonid shrimps in riffles, runs, and pools. Kuhliids swam anywhere throughout the water column and stream width. Palaemonids hid among rocks and beneath overhanging tree roots and vegetation along the stream bank. Gobiids and large atyids were most abundant in swift-flowing water, especially cascades; small atyids hid in gravel within riffles and runs, as verified by Surber sampling. Kuhliids, anguillids, and large palaemonids were easily seen when shocked and so were actively netted. Gobiids, small palaemonids, and small atyids, however, were either too small, too well camouflaged, or both to be actively netted. They constituted a collateral collection, underrepresenting actual relative abundances between and within each group to an indeterminate extent. Therefore, we could not apply some standard techniques for analyzing community structure, such as relative-abundance curves, to our data.
Fishes
We found no significant differences between intact and disturbed streams in either fish species richness or species diversity at midreaches. Nor were there differences in either the numbers or fresh weights of Kuhlia rupestris and K. salelea, whether considered separately or taken together, nor in either the numbers or fresh weights of anguillids.
Kuhliids, particularly K. rupestris, were found in the estuarine and midreach sections of all 10 streams. Kuhlia rupestris was generally larger and less numerous (50.8 G 63.8 g, n ¼ 179 for the mean, standard deviation, and sample size, respectively) than K. salelea (17.4 G 13.2 g, n ¼ 735).
Anguilla megastoma accounted for 80 of 84 captured eels, with the remainder being A. obscura. The largest A. megastoma measured 85 cm in length, and the largest A. obscura measured 82 cm. Their GD/DA ratios were, respectively, 1.28 G 0.31 and 0.42 G 0.22. Poecilia mexicana, an introduced species usually associated with low-quality waterways (Yamamoto and Tagawa 2000), was found only in the estuarine reach of three disturbed streams: Auvai, Leafu, and Papa Streams.
Shrimps
With one exception, all species of shrimp found in the estuarine reach were also found, along with one or more species, in the midreach of each stream. The exception was Leafu Stream, where Caridina serratirostris was absent in the midreach. Intact and disturbed streams did not differ in either shrimp species richness or species diversity in their midreaches after omitting data for Vaipuna Stream, where we found an aggregation of migrating Atyoida pilipes.
Atyoida pilipes, Atyopsis spinipes, and Macrobrachium latimanus were in the midreaches of all five intact streams and in three of the five disturbed streams. All eight species of shrimps were in the midreaches of two intact and two disturbed streams. Macrobrachium lar and M. australe were present in the midreaches of all 10 streams. Most M. australe were juveniles in the ''lepidus'' stage (Holt- 
Snails
We found Clithon pritchardi and Septaria suffreni in the midreaches of all 10 streams. Clithon corona was present in the midreaches of three intact streams and no disturbed streams.
Neritina auriculata, an estuarine species, was found only in the estuarine reach of one intact stream, Leaveave, and one disturbed stream, Papa. Neritina canalis was absent in the midreaches of all intact streams but present in the estuarine reach of Leaveave Stream. Likewise, in disturbed streams it was either absent or rare in midreaches, except for Leafu Stream, and absent in estuarine reaches.
We found no significant differences in species diversity or dominance between midreaches of intact and disturbed streams. However, Clithon spp. were significantly more abundant (t ¼ 3.83, df ¼ 8, P ¼ .005, log transformation) in the midreaches of intact streams, with a geometric mean of 284 snails within the 50 m reach compared with 19 for disturbed streams. Dry weights for all snails in midreaches of intact streams did not differ from the total snail dry weights in midreaches of disturbed streams, nor did dry weights of either Septaria suffreni or Clithon pritchardi taken alone.
discussion
We defined a continuum, the level of humanrelated impact, as a homogenous variable even though the impacts on stream macrofauna certainly vary among disturbed streams. Likewise, intact streams must be assumed to be only approximately homogenous in their influence on macrofauna. Furthermore, ecosystems are rarely in equilibrium but fluctuate within a certain range (Krebs 1994 ). Yet regularities do appear in the organization of ecosystems, especially for highly resilient ones such as streams on Tutuila Island. By selecting disturbed streams whose midstream reaches were not only similar to the midreaches of our five intact streams but whose estuarine reaches had similar human population densities and, by implication, similar types and degrees of human impact, we hoped to minimize variability to justify our assumption of approximate homogeneity for such a small sample size. We determined that as little as a twofold difference in group means could still provide sufficient power, 0.80, to conclude that the difference was meaningful at a significance level of .05.
Most of the macrofauna found are fairly common and widely distributed throughout the tropical Pacific (Fowler 1928 , 1931 , 1934 , 1949 , Devaney 1981 , Haynes 1990 . Kuhlia salelea Schultz, however, is currently known only from Tutuila Island and Upolu Island, Samoa (Randall and Randall 2001) . Poecilia mexicana, the only introduced fish in our collection, was brought to Tutuila Island sometime before 1973, presumably for mosquito control, and was reintroduced in 1973, along with P. vittata, as a baitfish (Vergne et al. 1978) .
When Couret et al. (1981) surveyed streams on Tutuila Island for aquatic macrofauna between 1978 and 1980, the human population was 32,300 (American Samoa Department of Commerce 1985). They found a substantial amount of garbage in a number of streams but noted that nine of the top 10 streams in overall species diversity flowed through villages. They identified road building and grading as the most important problem related to stream quality.
By 2005 the population had increased to 65,500 (American Samoa Department of Commerce 2005). We also found a substantial amount of litter (primarily discarded plastic and metal containers, disposable diapers, clothing, and small household appliances) in the five village streams that we surveyed. Riparian vegetation was either absent or greatly reduced. Household gray water and raw sewage from piggeries were often discharged directly into streams. We expected the impact of human activity on streams to have intensified since 1980. Yet, except for the presence or higher densities of Clithon spp. in intact streams, neither species composition, species richness, nor species abundance for any of our taxa groups were useful for discerning the effect anthropogenic impacts at estuarine reaches may have had on community structure at midreaches when compared with streams free of these impacts.
All three groups (fishes, shrimps, and snails) depend upon gills for exchanging gases of respiration. Pollutants in gray water, such as soap, detergent, and bleach that are particularly harmful to gill-breathing animals, might be expected to cause a measurable reduction in the number of recruited larvae or juveniles surviving the upstream migration. Snails should be particularly vulnerable owing to their much slower rate of progress relative to that of fishes and shrimps in moving away from pollutants. Organic enrichment from high influxes of piggery sewage and kitchen wastes during periods of low stream flow have been known to cause eutrophication at the estuarine reach. This, exacerbated by high water temperatures due to the absence of canopy cover in villages, depletes dissolved oxygen and shifts the equilibrium of dissolved nitrogenous and sulfurous ions to their more toxic reduced forms (Baird 1999) . Couret et al. (1981) calculated Shannon-Weiner species diversity indices, base 2, for fishes and crustaceans for three of our intact streams (Aasu, Alega, and Auvai) and two of our disturbed streams (Papa and Vaipuna) ( Table 3) . Several considerations prevented us from making direct comparisons with their survey to determine if the degree of diversity had changed for these two taxa. Their section lengths were 20 m compared with our 50 m; they did not use blocking nets; and they may have simply collected stunned animals that drifted to the lower end of the section, as did Cook (2004) , rather than captured animals before they could recover. Any of these factors could lead to a reduced number of species and their abundances.
In addition, our species lists differed from those of Couret et al. (1981) Couret et al. (1981) recorded N. brevispina in all five of our intact streams but in none of our disturbed streams, similar to the distribution we found for Clithon corona, except for its presence in the estuarine reach of Auvai Stream, a disturbed stream. Neritina brevispina is a synonym of Clithon corona (Cowie 1998 ), but until 1985 C. corona and C. pritchardi were considered to be synonyms (A. Haynes, 2006 , e-mail to D.L.V., 21 October 2006 . It is therefore difficult to decide whether C. pritchardi was present in American Samoa in 1981. Couret et al. (1981) found Septaria porcellana in only one of our intact streams (Maloata) and two of our disturbed streams (Asili and Papa). Both Haynes (1990) and Starmü hlner (1993) originally mistook female Septaria suffreni for S. porcellana (Haynes 2001b) . Its presence in all 10 of our streams indicates that S. suffreni has greatly expanded its distribution during the past quarter century.
Septaria sanguasuga is easily distinguished from S. suffreni (Haynes 2001a) . The presence of S. sanguasuga in three of our intact streams and one disturbed stream and its omission by Couret et al. (1981) and Haynes (1990) strongly hint that it is a recent introduction on Tutuila Island. Haynes (2006 , e-mail to D.L.V., 21 October 2006 reported that, in Fiji, Clithon pritchardi was one of the most abundant species of this genus in both intact and disturbed streams. Yet we found C. pritchardi and C. corona in intact streams in significantly greater numbers than in disturbed streams, just as Couret et al. (1981) did a quarter century earlier but identified as N. brevispina. During that period S. suffreni, earlier misidentified as S. porcellana, had expanded its distribution from three to all 10 of the streams in our study. Although other species of Clithon snails have been recorded on Tutuila Island (Haynes 1990, Starmü hlner 1992), they appear to be much less common than C. corona and C. pritchardi. These two species are relatively easy to capture, handle, and identify; are found in sufficient population densities on cobbles and boulders; and are widely distributed (Haynes 2001a) , making them ideal bioindicators.
Although the human population on Tutuila Island has more than doubled during the past quarter century, we found little evidence that this dramatic increase has had a substantial impact on stream macrofauna. It may be that the recruitment stage of indigenous freshwater fishes, shrimps, and snails are pollution-tolerant. Alternatively, base flows and freshets may adequately flush pollutants to tolerable levels at stream termini. Couret et al. (1981) observed substantial amounts of garbage in a number of streams. A quarter century later, household garbage continues to be disposed of in some village streams despite regular and reliable solid waste collection. This debris clogs culverts and collects under bridges during heavy rainfall, causing flooding. Dredging, channelization, and retaining walls are the expedient responses, resulting in extensive habitat destruction along the estuarine reaches. Just as Couret et al. (1981) found that road building and grading posed the greatest threat to stream quality and land use, mechanized alteration of the landscape continues to be the most serious problem affecting streams on Tutuila Island.
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